The aim of this split-mouth, blinded randomized controlled trial was to evaluate the clinical and radiographic effects of locally delivered 1,25 dihydroxycholecalciferol (1,25 DHC) on the amount of canine distalization. Materials and methods: Fifteen patients between age groups of 15 years to 30 years willing to undergo orthodontic treatment in a dental college participated in the study. A computer-generated randomization list was generated to divide the maxillary arch into experimental side and control side. Allocation concealment was applied. Canine distalization was initiated using nickel-titanium (NiTi) closed coil springs delivering a force of 150 g per side, which was attached to the maxillary first molar tube and canine hook. Local periodontal gel injection of 1,25 DHC was given on the experimental side and placebo gel on the control side at distal side of the maxillary canine at monthly interval, respectively. Patients were evaluated from beginning (T 0 ), 4 weeks (T 1 ), 8 weeks (T 2 ), and 12 weeks (T 3 ). CT scans were taken at T 0 and T 3 to measure the changes in bone density. The difference in amount of canine distalization and the changes in bone density were assessed on the experimental and control sides, respectively. Descriptive statistics and paired t test were used to determine any differences. Results: The results showed statistically significant increase in the amount of canine distalization and decrease in cancellous bone density on the experimental side when compared to control side. Conclusion: The active form of vitamin D can be an effective agent to accelerate orthodontic tooth movement (OTM). Clinical significance: This study provides a new insight into the scope of vitamin D in clinical orthodontics and its innovative method of application to accelerate tooth movement in patients will revolutionize treatment as well as open newer boundaries in orthodontic research at a biomolecular level.
IntroductIon
A variety of medications and nutritional supplements are available that may accelerate or inhibit tooth movement. 1 Orthodontic tooth movement ( OTM) is triggered by prolonged application of controlled mechanical forces. Various cell-signaling pathways are activated leading to increased metabolism of periodontal ligament which results in localized bone resorption and deposition. 2, 3 With the emerging concept of "accelerated orthodontics," scientific interest has been focused on chemical 4, 5 and electrical 6 stimuli in combination with mechanical forces for rapid bone turnover and more stable results. Most attempts can broadly be categorized into biological, physical, biomechanical, and surgical approaches. Studies have attempted to use biomolecules such as prostaglandin E (PGE), cytokines, and receptor activator of nuclear factor kappa-B ligand (RANKL), etc., exogenously to enhance OTM by inducing changes in the morphology of osteoclasts and osteoblasts through increased intracellular production of cyclic AMP, mRNA synthesis, and protein secretion of RANKL. 7, 8 The active form of vitamin D 1,25-dihydroxycholecalciferol (hence referred to as 1,25 DHC) is a potent stimulator of osteoclastic activity by inducing differentiation of osteoclast precursors as well as increasing the activity of existing osteoclasts. It is also known to stimulate osteoblastic cell differentiation and bone mineralization in a dose-dependent manner. It has plasma half-life of 2-3 hours, but its cellular effects may last for several days. Agents that enhance OTM may aid in reducing the treatment time by faster space closure. Agents that inhibit tooth movement (increased bone mineralization) may increase the stability after active treatment has concluded or even improve the anchorage capacity of a tooth. 1,25 DHC can produce both effects depending upon the dose. It is involved in the formation of osteoclasts from precursor monocytes and may produce these effects at much lower doses than other hormones such as prostaglandins. 4, 9 The effect of vitamin D on the alveolar bone density was evaluated quantitatively using low-dose multi-slice spiral CT which can yield accurate value measurement in Hounsfield units (HU). 10 The aim of this study was to understand the clinical and radiographic effects of locally delivered 1,25 DHC on the amount of canine distalization.
MAterIAls A n d Methods

Trial Design
This was a split-mouth, blinded, prospective, single-center randomized controlled trial with 1:1 allocation ratio.
Registration
Registered at Clinical Trials Registry India (CTRI/2017/06/008902).
Participants, Eligibility Criteria, and Settings
Fifteen healthy patients willing to undergo orthodontic treatment at the Department of Orthodontic and Dentofacial Orthopedics, Sri Hasanamba Dental College and Hospital, Hassan, were recruited as study participants. The study was approved by the Ethical Committee board before patient recruitment. Inclusion criteria were the following: (1) age groups of 15-30 years, (2) average skeletal pattern, (3) angle's class I or class II dental malocclusion indicated for bilateral maxillary first premolar extraction, and (4) minimum 5 mm of extraction space. Exclusion criteria include (1) previous history of orthodontic or orthopedic treatment; (2) presence of craniofacial anomalies; (3) presence of any signs and symptoms of gingival and periodontal diseases; (4) presence of significant medical history (including drug allergy), and (5) pregnant and lactating women. Written consent was taken from all the participants.
Randomization (Random Number Generation, Allocation Concealment, and Implementation)
For every participant, the maxillary arch was randomized into experimental and control sides using a computer-generated randomization list. Allocation concealment was achieved with sequentially numbered and sealed envelopes.
Blinding
The operators and study participants were blind about experimental and control sides. The seventh author was involved in gel preparations. The injections were performed by first author who was also blind about the type of injection (1,25 DHC or placebo gel). The third and sixth authors measured the force for canine distalization. The fourth author assisted multi-slice computed tomography (MSCT) scans at the region of interest. Second and fifth authors were blinded during data analyses.
Interventions
All participants were bonded with 0.022 × 0.028 inch slot brackets (Ortho Organisers, Inc., USA) using pre-adjusted edgewise appliance with 0.022 MBT prescriptions. Following the extraction of maxillary first premolars, initial leveling and alignment were achieved utilizing continuous NiTi (Prime Orthodontics, Inc., Portland, USA) archwire sequencing. Then 0.019 × 0.025 inch stainless steel archwires (Prime Orthodontics, Inc., Portland, USA) were left in situ for 4 weeks to obtain standardized first, second, and third order prescriptions.
The maxillary arch impressions were made using alginate (Algitex DPI) at the end of leveling and aligning to obtain study models. Canine distalization was initiated using NiTi closed coil springs delivering a force of 150 g per side, which was attached to the maxillary first molar tube and canine hook, measured using measuring gauge (Correx, Haag-Streit International). The anchorage system included bilateral 2nd molar banding with transpalatal bar. At each appointment, oral hygiene measures were reinforced.
1,25 DHC Gel Administration Protocol
During the course of the trial, participants were instructed to take acetaminophen as the only analgesic for relief of orthodontic treatment related pain. The injection was delivered using a disposable 30-gauge needle and syringe. A dose of 50 pg per 0.2 mL of calcitriol (1,25 DHC) periodontal (intraligamentary) injection was given on the experimental side, as shown in Figure 1 , and 0.2 mL placebo gel (plain gel without calcitriol) injection was given on the control side, in the distal side of canine at monthly intervals, respectively, for duration of three months. Participants were evaluated from the beginning (T 0 ), 4 weeks (T 1 ), 8 weeks (T 2 ), and 12 weeks (T 3 ) of canine distalization. At these appointments, impressions were made to obtain the study models. Multi-slice spiral computed tomography scans were taken at T 0 and T 3 to measure the changes in bone density following canine distalization.
The primary outcome was to evaluate the rate and total amount of canine distalization as well as anchorage loss in the maxillary arch. All study measurements were performed on dental casts with stable reference points 11 using digital vernier caliper. The movement of canine was measured from the canine tip and mesiobuccal groove of maxillary first molar. Measurements were repeated to check for reproducibility. The rate of canine distalization was obtained by calculating the differences between sequential measurements (T 0 -T 1 , T 1 -T 2 , and T 2 -T 3 ). The total amount of movement was the difference between T 0 and T 3 . The mean monthly movement was obtained by dividing the total amount of movement by three (number of evaluations). The molar anchorage loss was measured from mesiobuccal groove of maxillary molar and lateral ends of third palatal rugae. 11 The secondary outcome was to evaluate the changes in the alveolar bone density (axial section) in the maxillary arch. It was measured in the alveolar bone on the experimental and control sides at the region distal to canine root, at the beginning (B O ) Fig. 1 : Local periodontal injection of in situ gel given distal to maxillary canine and the 12th week (B X ) of canine distalization. The MSCT (HiSpeed NXI MultiSlice CT system GE Medical system) parameters used were 0° gantry tilt, high-resolution bone Kernel, 0.5 mm nominal slice thickness, 120 kV, and 120 mA. The measurements were calculated using Advantage Workstation software (AW-Version 4.3) in HU. The CT sections were taken 3-5 mm apical from the alveolar bone crest. At each axial section, the density at the center point 12 of the buccal cortical bone (BC), cancellous bone (C), and palatal cortical bone (PC) was measured. The density of the cancellous bone was measured at the trabeculae, located halfway buccolingually between the buccal and palatal cortical plates, as illustrated in Figure 2 .
Interim Analyses and Stopping Guidelines
No interim analysis was performed during the study and no stopping guidelines were established.
Statistical Analysis
Data were analyzed by descriptive statistics; paired t test, and independent t test using SPSS software (SPSS Inc., Chicago, Illinois, USA). Statistical significance was set at the 0.05 probability level.
results
Participant Flow
All 15 patients who were recruited completed the study, as shown in Flowchart 1. The average age was 22.5 year, with a range of 15-30 years. 1 and Fig. 3 
Comparison of Monthly Amount of Canine Distalization (Table
)
The mean amount of canine distalization in the first month was 1.5680 ± 0.36830 on the experimental side and 1.0260 ± 0.17727 on the control side. In the second month, it was 1.7073 ± 0.33275 on the experimental side and 1.0787 ± 0.26295 on the control side. In the third month, it was 1.1993 ± 0.28684 on the experimental side and 0.9367 ± 0.18321 on the control side. When the subjects were compared within and between the groups, there was a statistically significant difference at 5% significance level.
Comparison of Total Amount of Canine Distalization
Paired t test showed statistically significant difference (p-0.000) between experimental and control sides at a significance level of 1%, over a period of 3 months. 
Comparison of Total Anchorage Loss Over a Period of 3 Months (Table 2 and Fig. 4)
Paired t test showed statistically insignificant (p-0.769) amount of anchorage loss on both the experimental and control sides, over a period of 3 months.
Comparison of the Alveolar Bone Density on the Experimental Side (Table 3)
Independent t test was applied. Within the experimental side at a significance level of 1%, there was statistically significant difference (p value-0.000) in the bone density at all the three regions.
Comparison of the Alveolar Bone Density on the Control Side (Table 4)
Independent t test was applied. Within the control side at a significance level of 1%, there was statistically significant difference (p value-0.000) in the alveolar bone density at all the three regions. (Table 5 and Fig. 5 
Comparison of Alveolar Bone Density between Experimental and Control Sides
)
The bone density was measured using spiral CT on both the experimental and control sides at three regions (buccal cortical, cancellous, and palatal cortical bones). There was statistically insignificant difference (p value-0.521) in the bone density on the buccal cortical bone between the experimental and control sides. At a significance level of 1%, there was statistically significant difference (p value-0.000) in the bone density on the cancellous bone between experimental and control sides. There was statistically insignificant difference (p value-0.649) in the bone density on the palatal cortical bone between experimental and control sides. dIscussIon Many studies have tried to increase the rate of tooth movement such as altering force magnitude, 13 vitamin D metabolite injection, modifying bone metabolism by parathyroid hormone (PTH), steroid therapy, and thyroxin intervention. 14 To rule out the confounding effects on tooth movement, a split mouth design was undertaken. Acetaminophen was advised as analgesic since studies have shown that acetaminophen did not affect OTM. 15 The volume and method of periodontal injection was performed as recommended by Walton and Abott; Malamed. 16 The in situ gel form of drug delivery system provided accurate dose at the site of action and prolonged the duration of drug action. Plain gel was given in the control side to rule out its side effects on OTM. The rationale behind choosing this dose was attributed to previous report 9 about calcitriol on bone remodeling. The human equivalent dose (HED) conversion was done for a dosage of 50 pg/mL using the formula as described by Sharma and McNeill. 17 In the first month, as shown in Table 1 , the rate of canine movement was faster on the experimental side; however, it was statistically insignificant when compared to the control side. During second and third months, there was faster rate of canine movement on experimental side, which was statistically significant. The finding was in accordance with previous study 9 that after 21 days of canine retraction with a light-wire retraction spring, the teeth that had moved 60% further than matched control teeth (p < 0.05). When compared between second to third months, there was more rate of canine movement in the second month than third month as maximum amount of canine distalization on the experimental side occurred in the second month, as shown in Figure 3 , as there was not much space remaining to be moved in the third month for majority of participants. During each month, the experimental side showed clinically higher rate of canine movement compared to the control side. This finding comes in agreement with previous study 9 which indicated that the effect of calcitriol on OTM is highest when administered in doses relatively equivalent to the normal physiologic level.
As shown in Table 2 and Figure 4 , there was a mean anchorage loss of 0.60 ± 0.27 mm, which was statistically insignificant on both experimental side and control side. This could be due to application of optimum orthodontic force (150 g) and proper anchorage preparations, as reported by Storey and Smith; Bohl et al., and Boester and Johnston. 18 Multi-slice spiral computed tomography was preferred over cone beam computed tomography (CBCT) as it was more accurate in differentiation of structures within approximately 1 HU. 19 The results ( Table 5 and Fig. 5 ) showed a reduction in bone density on buccal cortical bone (mean-7.33 HU) on the experimental side and 6.00 HU on the control side, which was statistically insignificant. There was a reduction in the alveolar bone density on the palatal cortical bone (mean-5.40 HU) on experimental side and 4.86 HU on the control side, which was also statistically insignificant. There was a statistically significant reduction in the cancellous bone density (mean-19.93 HU) on the experimental side; however on the control side, there was a reduction in the cancellous bone density (mean-7.53 HU), which was statistically insignificant. A probable explanation might be due to the progenitors that exist within the hematopoietic cells that may easily reach trabecular and endosteal sites, in the bone marrow side. But in the alveolar side, the progenitors may either be recruited from the circulation or be preexisting in the periodontal ligament. It was also seen that remodeling is more frequent in trabecular bone than in cortical bone. 20 This phenomenon could have been accelerated on the experimental side due to 1,25 DHC. There was statistically significant reduction in the overall bone density on both experimental and control sides, as shown in Tables 4  and 5 . This can be correlated with the previous findings described by Hsu et al. and Melsen that during OTM there is generalized reduction in alveolar bone density. In this study, bone density around the teeth is reduced by 20-30%, which probably indicates that the teeth were moved in the stage of "through bone." 21 Mandall et al. suggested that 12-week reduction in treatment time from average time is clinically significant in terms of efficiency. 22 OTM is subjected to individual variations so the generalization of the study and results are limited. Factors such as patient's age, brushing technique, dietary habits, and quality of dental extractions can be considered as few potential sources of bias that may affect the rate of canine distalization. In this clinical trial, it seems possible to translate the results into clinical benefits. It has also been able to highlight the scope of local administration of vitamin D in accelerating tooth movement in a biological manner than other approaches.
conclusIon
• There is a significant increase in the amount of canine distalization with a local administration of 1,25 DHC. • In situ gel of 1,25 DHC is a novel method of local drug delivery system to accelerate OTM. • There is no significant difference in the amount of anchorage loss with or without the local administration of 1,25 DHC. • There is significant reduction in the cancellous bone density with a local administration of 1,25 DHC. • There is also a significant reduction in the overall bone density at buccal and palatal cortical bones during OTM, with or without a local administration of 1,25 DHC.
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